The rapid recent advances in oncology have made the dream of precision oncology a reality, with targeted therapy available for various tumors depending on the molecular genotype. This has led to the corresponding development of personalized radiology as well, with various tumor response criteria used to characterize disease response/ progression depending on chemotherapy used. In these two review articles, we review the various tumor response criteria widely applied in both research and clinical settings. These include the classic size-based criteria such as RECIST (Response Evaluation Criteria In Solid Tumors) 1.1 and the WHO (World Health Organization) criteria, as also various other criteria such as Choi and modified Choi criteria for tumors treated by targeted therapy, EASL (European Association for the Study of the Liver) and modified RECIST (mRECIST) criteria for hepatocellular carcinomas, immune-related response criteria (irRC) and immune RECIST (iRECIST) for patients on immunotherapy. Other clinically important criteria such as PERCIST (PET Response Criteria In Solid Tumors) for positron emission tomography-computed tomography (PET-CT), and the MD Anderson criteria for evaluating bone metastases are also highlighted. Abstract Keywords ► treatment response ► modified RECIST ► Choi criteria ► MD Anderson criteria ► PERCIST ► immune RECIST
Introduction
In our previous article, we discussed the classic size-based RECIST criteria that are used in most clinical trials to assess tumor response to therapy. In this second article, we discuss various alternative response assessment criteria that can be used instead of RECIST (Response Evaluation Criteria In Solid Tumors) in specific situations depending on the primary tumor, site of disease, and the chemotherapy regimen used.
Over the past decade or so, numerous novel anticancer medications have been approved, many of which have different mechanisms of action as compared with cytotoxic or cytostatic conventional chemotherapy. These include targeted chemotherapy such as imatinib and VEGF (vascular endothelial growth factor) inhibitors (such as sunitinib) and immunotherapy such as ipilimumab and nivolumab. These drugs have heralded the onset of personalized medicine and its offshoot, personalized radiology. These novel treatments often incite a tumor response that is different from the conventional reduction in size. As a result, RECIST criteria may not correctly classify tumor response in these cases, and different alternative response criteria have developed to more accurately assess patients on these drugs. Similarly, RECIST criteria are not sufficiently accurate to assess tumors such as hepatocellular carcinoma (HCC) and lymphomas, or sites such as bone metastases, nor do they incorporate modalities such as positron emission tomography-computed tomography (PET-CT) completely. We discuss the various alternative response criteria (►Table 1) that can be used in such specific situations, so as to successfully provide personalized radiology reports based on the patient's treatment.
Therapy-Specific Criteria Choi Criteria
Originally described for imatinib response assessment in patients with gastrointestinal stromal tumors (GISTs), these criteria were landmark as they heralded the advent of personalized radiology and alternative response criteria and will hence be discussed in detail. GIST is an extremely chemoresistant tumor that demonstrated a remarkable response to imatinib therapy in early trials. However, the response was unique as compared with conventional chemotherapy as there was often little initial shrinkage in the tumor size, but with dramatic decrease in tumor enhancement and inhomogeneity. 1, 2 The tumors appeared well defined, homogeneous, and hypodense (almost cystic in appearance) after initiation of treatment with imatinib. This is due to the development of cystic or myxoid change within the tumor without significant necrosis or inflammation. Tumor response was also confirmed by significant decrease in the FDG uptake on the tumors on PET-CT.
Choi hence proposed the new criteria that incorporated tumor attenuation along with tumor size to accurately assess response (►Fig. 1). 3 Given that GIST did not shrink significantly, the "RECIST cutoff" of 30% decrease in size was lowered to 10%, and a ≥15% decrease in attenuation was also proposed to signify response. Development of resistance to imatinib also follows a similar pathway, with the development of new foci of enhancement within a previously hypoattenuating lesion (nodule-within-cyst appearance) often being the first sign of progression. 2, 4 A 10% increase in the sum of diameters was also proposed to signify disease progression. These criteria were found to be more sensitive and correlated better with disease-specific survival. 3 Choi criteria were path breaking as dedicated criteria because a specific tumor treated with a specific therapy was proposed for the first time, paving the way for personalized radiology. The concept that factors beyond tumor size can be objectively assessed (tumor density in this case) was also introduced for the first time. While classically applied to patients with GIST on imatinib, these criteria can also be used in assessing response in patients on other targeted therapies such as VEGF inhibitors, which may also demonstrate similar responses.
Immune-Related Response Criteria and Immune RECIST
The advent of immunotherapy has been the next big step in cancer treatment. Unlike conventional chemotherapy that has direct cytotoxic or cytostatic effects, immunotherapy works by inciting an immune response by the patient's own immune system against the "foreign" cancer cells. These immunomodulatory drugs activate the host immunity, leading to an inflammatory response against the tumor cells. The peritumoral inflammation and edema that consequently happen may lead to an apparent increase in the tumor size if imaged at this time point (pseudoprogression), as computed tomography (CT) will not be able to differentiate between the lesion and associated edema, measuring them together. Subsequently, the host's immunity will kill the cancer cells leading to tumor shrinkage. 5, 6 Similarly, a previously microscopic lesion (and hence not visualized on CT) may become "newly" apparent due to the associated host response and may be falsely considered a new lesion (►Fig. 2). 7 Both these scenarios would be labeled as progressive disease as per RECIST criteria but could actually represent early phase of response. Hence, to overcome the shortcomings of RECIST, Wolchok et al 8 proposed the immune-related response criteria (irRC) in 2009 for patients on immunotherapy using bidimensional measurements based on the WHO (World Health Organization) criteria.
Fig. 1
The patient with gastric GIST and liver metastases, pre (A, B) and post (C, D) imatinib therapy. The baseline scan shows heterogeneous liver metastases, which become well-demarcated and hypoattenuating on the posttreatment CT, with no significant change in size. Note that the seg IVA lesion appears mildly increased in size because the initially isoattenuating periphery of the metastasis has now become hypoattenuating (pseudoprogression). This would be considered stable disease by RECIST criteria but should be classified as partial response using Choi criteria.
Fig. 2
The patient with metastatic melanoma. Baseline imaging (A, B) shows a peripherally enhancing lesion in segment VIII/IVa with central necrosis. No lesion is seen in seg V. Follow-up scan (C, D) 3 months after the patient received immunotherapy (ipilimumab and nivolumab) shows decrease in size of the seg VIII/IVa mass. However, a new subcapsular lesion is now seen in segment V (arrow in E). This was labeled iUPD (immune unconfirmed progressive disease). Imaging after 8 more weeks (E, F) reveals further decrease in the dominant mass that now appears predominantly cystic, with disappearance of the segment V subcapsular lesion. This is consistent with iPR (immune partial response) according to iRECIST.
irRC classifies four types of responses, depending on the time of the CT study vis-à-vis the patient response.
Type A: Decrease in size with no new lesions. Type B: Stable disease that could remain unchanged or decrease in size on further follow-up. Type C: Initial increase in the disease burden followed by response. Type D: Decrease in disease burden despite appearance of new lesions.
If the initial posttherapy imaging demonstrates increased disease burden, a confirmatory scan at least 4 weeks later should be obtained to differentiate a type C response from true progression.
Over the past decade, these criteria were often used in combination with the unidimensional RECIST or its modifications in various clinical trials. 9 However, due to inhomogeneous application, the RECIST working group came out with immune RECIST (iRECIST) criteria for patients on immunotherapy. 10 The chief features of iRECIST are as follows:
a. The definitions of measurable and nonmeasurable disease remain the same as RECIST 1.1, as do the methods of measurement and imaging modalities for assessment. b. If the patient has a type A or B response, it is assessed using RECIST 1.1. c. A new category, namely unconfirmed progressive disease (iUPD-"i" standing for "immune"), has been introduced to account for type C or D response. If the initial posttherapy assessment reveals progressive disease, it is classified as iUPD. The next assessment must be done between 4 and 8 weeks after the scan that detects iUPD. This subsequent imaging may either reveal tumor shrinkage or stable disease, in which case the response is reclassified as iPR, iCR, or iSD, or demonstrate additional new lesions or increase in tumor size, in which case the response is reclassified as confirmed progressive disease (iCPD). d. Thus, treatment should be continued even after detecting iUPD, until iCPD occurs.
Cancer-Specific/Site-Specific Response Criteria
Assessment of Hepatocellular Carcinoma-EASL and modified RECIST Unlike other tumors, locoregional therapies such as radiofrequency ablation and transarterial chemoembolization and targeted therapy in the form of sorafenib are the chief treatment modalities for HCC (apart from surgery). 11, 12 These treatments often lead to tumor necrosis without a significant decrease in tumor size (►Fig. 3); size may in fact occasionally increase due to intratumoral hemorrhage. The size-based WHO and RECIST criteria were thus not ideal in assessing tumor response in this setting. 11, 13, 14 Hence, the EASL (European Association for the Study of the Liver) proposed 14 15 mRECIST also proposes to incorporate viable tumor volume and keeps cutoffs for progression and response similar to RECIST 1.1 (20% and 30%, respectively). mRECIST clarifies the optimum imaging protocols for HCC, emphasizing on the need for obtaining quality liver imaging using CT or MRI, with at least dual-phase (arterial and portal venous phase) images acquired. The option to obtain delayed phase images is left to the institute based on its routine clinical practice; however, most institutes obtain delayed/equilibrium phase images as well. 4, 16, 17 mRECIST clarifies on various aspects of lesion selection and measurement. The salient features are discussed as follows: A new HCC is defined as a new arterial enhancing nodule > 1 cm in diameter, which also demonstrates washout. In absence of this typical vascular pattern, a new nodule > 1 cm in diameter can be diagnosed as HCC if it shows at least 1-cm-interval growth on subsequent imaging. Other new lesions will be considered equivocal and appropriately followed up to assess for interval growth.
MD Anderson Criteria for Bone
Optimal imaging and response evaluation of bone metastases have always been a dilemma due to the complex structure and function of bone, with the possibilities of cortical or marrow involvement, and of osteoblastic or osteoclastic activation. Accordingly, bone metastases can be lytic, blastic, or mixed. Furthermore, bone metastases can be assessed both on structural imaging (CT, MRI, or X-rays) and on functional imaging (skeletal scintigraphy or 18 F-FDG PET that assesses osteoblastic activity or FDG-PET that assesses metabolic activity). Also, response to chemotherapy can manifest in the form of sclerotic changes in previously lytic metastases, whereas progression can manifest as development of new lytic foci in sclerotic or mixed metastases. [17] [18] [19] The WHO criteria included response assessment of bone metastases 20 based on radiographs. However, these were not included in the RECIST criteria, 21 apart from assessment of an associated soft tissue component. Thus, patients with bone-only metastases could not be included in various clinical trials, as, for example, in metastatic breast cancer. Accordingly, Hamaoka et al 22 from the MD Anderson Cancer Center proposed the MDA criteria for response assessment in bone metastases, which were based on the WHO criteria but incorporated skeletal scintigraphy, CT, and MRI into the assessment criteria. They found the MDA criteria to be better in distinguishing between responders and nonresponders as compared with WHO criteria, with the MDA criteria correlating with progression-free survival. 9 Few important points to remember include the following 12,22 :
1. Bone metastases may respond to therapy either by disappearing or by demonstrating a sclerotic response. Thus, complete or partial (usually involving rim) sclerotic change in a previously lytic lesion is usually a sign of response to therapy (►Fig. 4). On the other hand, reappearance of a lucent focus in a previously sclerotic (responded) bony metastasis is suspicious for worsening disease. 2. On occasions, one or more previously inapparent lesions on CT may be seen as a "new" sclerotic focus on the restaging scan as they become easily visualized after sclerotic response. This should not be considered as a new lesion or disease progression, particularly if response is seen elsewhere. 3. Similarly, osteoblastic flare may be seen on scintigraphy, usually within the first 3 months of therapy. This occurs due to increased radiotracer uptake in the healing sclerotic lesions and should not be confused with disease progression. 4. Rapid osteolytic progression may be inadequately assessed as response on skeletal scintigraphy. In this setting, bony lesions may show decreased osteoblastic activity, resulting in apparent regression of "hot spots" on scintigraphy. X-rays or CT will help correctly identify progressive disease. 5. At follow-up, lesions seen at any of the imaging modalities should be compared with the images obtained at baseline, which most clearly define the bone lesions. The baseline images can be obtained on radiographs, CT, or MRI. 6. As a footnote, the MDA criteria are not often incorporated in clinical trials. However, it is important to remember these principles while assessing tumor response in routine patients, so as to avoid confusing bony response with progression.
Functional Response Criteria
The use of PET-CT in oncoimaging has grown tremendously in the past few years. However, PET-CT is not completely incorporated into the RECIST criteria. Accordingly, the PET Response Criteria In Solid Tumors (PERCIST) were proposed in 2009 to be used instead of RECIST in patients being assessed on PET-CT. Similarly, the Deauville criteria are commonly used in assessing lymphomas.
PERCIST Criteria
The rationale behind using FDG-PET for tumor response is that there is a strong positive relationship between tracer uptake and the number of viable cancer cells. 23 As discussed previously, size-based criteria are not adequate to assess response to various targeted therapies and in certain organs. FDG-PET has a unique advantage of predicting response by assessing the change in tumor metabolism. Though it is congenial to assess the change in uptake qualitatively, this would raise the issue of reproducibility, thus limiting its use in clinical trials. One of the earliest attempts to address this issue was made by the European Organization for Research and Treatment of Cancer PET Study Group (EORTC criteria). 24 After extensive review of the size-based criteria viz. WHO, RECIST and RECIST 1.1, and EORTC PET criteria, Wahl et al 25 proposed PERCIST to harmonize a quantitative method of PET response that could be adopted in clinical practice and across various clinical trials. The PERCIST criteria are not meant to replace the RECIST criteria, but rather to complement them. They are expected to be valuable in prognosticating patients, otherwise labeled as "stable disease" by size-based criteria. 26, 27 Salient features of PERCIST include the following:
1. Scans should be performed in adequately prepared patients with well-calibrated and well-maintained scanner, and subsequent scans should be performed on the same scanner with similar doses of FDG and uptake time. 2. Peak standardized uptake value normalized to lean body mass (SULpeak) is used for assessment in PERCIST instead of widely used single pixel value, that is, SUVmax.
A 3-cm diameter spherical region of interest (ROI)
generated over the normal liver is used as background activity and a 1-cm ROI over the thoracic aorta is used in case of a diseased liver. The background activity is used as quality control of the scan to assess the FDG avidity of tumor on the baseline scan. 4. Only one target lesion is selected, and the SULpeak is obtained by generating a 1.2-cm diameter ROI around the hottest lesion. For a lesion to be eligible for PERCIST, the SULpeak of the baseline lesion must be greater than 1.5 times the liver SULpeak + 2 standard deviations. Note that unlike RECIST, PERCIST compares the hottest lesion of respective scans and not necessarily the same lesion. 5. PERCIST prefers to document change in tumor metabolism as a percentage change, and thus construct a waterfall plot. However, for convenience, tumor response can be grouped into categories as complete metabolic response (CMR) (►Fig. 5), partial metabolic response (PMR) (►Fig. 6), stable metabolic disease (SMD), and progressive metabolic disease (PMD). 6. Authors of the PERCIST criteria acknowledge that it requires further validation and recommend to document additional parameters of up to five lesions to refine the criteria in future.
Deauville Criteria
Lymphoma is another disease that requires specific response evaluation criteria owing to complex disease process and newer targeted therapies. Often, the nodal mass does not regress completely even after completion of treatment without having any impact on outcome. 28 Also, evaluating and predicting tumor response early during therapy could either spare toxic effects of "overtreatment" or warrant alternative treatment regimen in lymphoma. This has led to the emergence of interim (mid treatment) PET as a strong prognostic tool. One of the earliest criteria for PET response in lymphoma were the International Harmonized Project (IHP) criteria proposed in 2007. 29 IHP used mediastinal blood activity as threshold for deciding residual disease at the end of treatment. However, with the emergence of interim PET, mediastinal activity appeared to be a low threshold that caused false-positive scans. Subsequently new criteria was proposed in the "First International Workshop on interim-PET scan in lymphoma" held at Deauville, aptly called Deauville criteria for both interim and end-of-treatment assessments. 30 It is a 5-point (1-5) visual assessment scale (►Table 2). Tumor uptake moderately (score 4) or markedly (score 5) greater than liver uptake is considered as residual disease (►Fig. 7). The 12th international conference on malignant lymphoma reinstated PET as indispensable for response assessment of FDG avid lymphomas and Deauville criteria as current standard assessment. 31 That being said, we have not reached ideal criteria yet. There seems to be overlap between Deauville scores 3 and 4 as there is no quantitative parameter to differentiate them. Delta SUVmax and "Peking" criteria are some of the new criteria being explored. With more interim PET-based trials coming up, further refinement of the criteria can be expected in future.
Other Criteria
While we have covered the common alternative response criteria in the article, this review is by no means exhaustive. For example, other criteria such as RANO (Response Assessment in Neuro-Oncology) criteria for assessing brain tumors, 32 MASS (Morphology, Attenuation, Size, and Structure) criteria for renal cell carcinoma, 33 and tumor shrinkage criteria (10% criteria) for renal cell carcinoma 34, 35 have also been proposed. It is expected that with increasing understanding of tumor biology and with newer types of therapy emerging, more and more response patterns will be recognized and described.
Take-Home Points for the Practicing Radiologist
We have discussed the salient features of various alternative tumor response criteria in this article. It is again emphasized that though the criteria are meant for clinical trials, the principles expounded should be applied in routine clinical practice as well. For example, 1. First and foremost, it is important to be aware of the therapy that the patient is on. If there is any confusion Markedly increased uptake above liver and/or new sites of disease regarding whether the patient is on targeted therapy or immunotherapy, always remember that the referring oncologist is only a phone call away! 2. Similarly, it is important to look at all relevant prior scans while reporting the current scan, be it a PET-CT or a bone scan. 3. Tumors may respond with altered morphology (as, e.g., decreased attenuation), particularly if not targeted therapy. This should be considered as a sign of response. 4. A patient on immunotherapy and demonstrating worsening disease or a new lesion may still be a responder (iUPD category), again highlighting the importance of knowing the patient's therapy before reporting the study. 5. HCC should be assessed based on the changes in the enhancing viable portion of the tumor. 6. Bone metastases often demonstrate a sclerotic response; this should not be confused as progression.
In conclusion, we have comprehensively discussed various alternative response criteria in this article. Understanding that each and every patient and cancer is unique, and that response assessment must be based on the patient's primary tumor, sites of metastases, and the treatment provided, is the key to delivering personalized radiology and precision medicine. Although complex, a basic understanding of the principles of various response criteria will enable the practicing radiologist to function as an important component of the multidisciplinary oncology team and add value to patient management. Fig. 7 Partial metabolic response of the patient with malignant melanoma according to PERCIST: SULpeak of the hottest lesion (arrow) in the baseline scan (A, C) was 14. Following 5 months of treatment, the SULpeak of the hottest lesion (block arrow) reduced to 8, which was > 30% decrease, thus satisfying criteria for partial metabolic response. Note that hottest lesion in baseline and posttreatment scan may not be the same lesion.
